Abstract The paper presents the monitoring results of a pilot UASB reactor followed by a baffled polishing pond treating domestic sewage in Brazil. Longitudinal profiles of E. coli and helminth eggs along the baffled pond have been undertaken. The experimental results have been compared with von Sperling's model for coliform removal and Ayres' model for helminth eggs removal, and the fitting was considered satisfactory in both cases. The distribution of the helminth species along the system is also presented.
Introduction
This paper aims at evaluating the fate of Escherichia coli and helminth eggs in a combined UASB reactor -baffled pond. The system is comprised of large pilot-scale units, treating actual domestic sewage from the city of Itabira, Brazil. The UASB reactor (9 m 3 ) is a partitioned reactor, representing a novel configuration, constituted of three digestion compartments, three gas separation devices and a single settler compartment for solids separation. The working principle of the reactor, with the three digestion compartments operating in parallel, aims to provide a more stable hydraulic regime inside the reactor, as described in Chernicharo and Cardoso (1998) . The polishing pond (32 m 3 ) is included with the main objective of removing pathogens, acting in a similar way as maturation ponds. In order to enhance pathogen removal, the pond was designed with 4 internal baffles, which produce a large L/B (length/breadth) ratio of 12.5. The UASB reactor operated with a low HDT (hydraulic detention time), with an average value of 5.5 h, whereas the pond had an average HDT of 6.3 d.
In spite of its substantial importance for warm-climate countries, there are very few data in the literature representing in detail the combined system of UASB reactors and polishing ponds. The present paper investigates the fate of E. coli and helminth eggs in the UASB reactor and inside the pond, through a series of sampling points comprising a longitudinal profile along the system. The paper presents values of the coliform first-order removal coefficient K b , according to the hydraulic regimen of CSTR, plug flow and dispersed flow. The K b value obtained for dispersed flow is compared with the one obtained according with the methodology proposed by von Sperling (1999) . The internal behaviour of the pond is modelled, and the estimated data are compared with the observed data on E. coli inside the pond. Helminth eggs removal in the pond are also modelled using the Ayres et al. (1992) equation and the internal pond behaviour is evaluated.
The helminth eggs are also investigated in terms of the prevalence and fate of the nematode species along the system, giving an indication of the relative degree of easiness or difficulty in their removal.
Methodology
The research was conducted in Nova Vista WWTP, located in the city of Itabira, Brazil, latitude 19°37′00″ south, longitude 43º13′40″ west, altitude of 781 m above sea level. The main characteristics of the experimental units are presented in Table 1 . Figure 1 illustrates the system, including the sampling points investigated.
The inflow to the system followed a typical diurnal pattern, measured and controlled by an automation system. Collected samples were composed proportional to flow. Monitoring analysed in this paper was from January to August 2000, thus covering dry/cold and wet/warm periods. A large array of physical-chemical parameters was included, but the paper concentrates on E. coli and helminth eggs. In order to investigate the longitudinal profile inside the pond, samples were collected at points 3 (Baffle 1), 4 (Baffle 2), 5 (Baffle 3) and 6 (Baffle 4) (see Figure 1) . Each sample collected a liquid from the whole depth of the pond (excluding the sludge layer in the bottom 20 cm). Samples were collected weekly, between 9 am and 10 am. E. coli was analysed according to the Defined Substrate/ Quantitray 2000 -Colilert (AWWA/APHA/WEF, 1998). Helminth eggs were analysed by sedimentation, according to Bailenger (1979) , modified by Ayres and Mara (WHO, 1996) . Soares et al. (2000) give more details of the experimental arrangement.
Results and discussion E. coli and helminth eggs removal along the system Table 2 presents basic descriptive statistics for E. coli and helminth eggs along the 7 sampling points, while Figure 2 presents these data on box-and-whisker plots. The full paper will present the original data, including more detailed descriptive statistics.
Bacterial decay showed an average removal around 1 log-unit in the UASB reactor and 2 log-units in the pond. Because of the very large values of E. coli in the raw sewage, the final effluent concentration was also high (around 10 6 MPN/100 mL), much above the M. von Sperling et al. WHO guidelines for unrestricted irrigation (1,000 FC/100 mL). Regarding helminth eggs, the removal was excellent. Final effluent concentration averaged only 0.1 egg/L, but it should also be noted that 13 of the 14 samples investigated showed 0 egg/L, thus indicating potential for restricted irrigation.
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E. coli and helminth eggs removal in the UASB reactor
The E.coli removal of 1 log-unit in the UASB reactor is in accordance with most data reported in the literature. In relation to helminth eggs removal, an average efficiency of 75% was observed, which is also in accordance with published results (van Haandel and Lettinga, 1994; Zerbini, 2000) . Sedimentation is considered the main mechanism of helminth eggs removal in UASB reactors, since the settling velocity of nematode eggs is higher than the liquid upflow velocity inside the reactor. In addition, egg entrapment in the sludge also occurs, contributing to an increase in the overall removal efficiency and to a large accumulation of eggs in the sludge, which should be treated before being disposed of.
Modelling of E. coli removal in the pond
Based on the influent and effluent geometric means of E. coli from the pond, the bacterial decay coefficient K b was calculated for the three main hydraulic regimens, according to equations in Table 3 .
The values found for 20°C were: (a) CSTR:
The average liquid temperature was 22.7°C and the temperature coefficient adopted was θ = 1.07. The K b value for CSTR is presented here only to show its very high value, as a result of the inadequacy of the completely mixed model to represent highly baffled ponds. For the dispersed-flow model, the Dispersion Number d was estimated according to von Sperling (1999), which proposed the following simplified formula: (1999) . In this application, since the pond was highly baffled, the time t was adopted as the time necessary to reach the respective fraction of the pond length (e.g. for 40% of the pond length, the travel time was 0.40 × 6.3 = 2.5 d). A very good fit can be observed, highlighting the applicability of von Sperling's equation also for a pond acting as post-treatment of a UASB reactor. Plug flow
Dispersed flow (3) K b value not explicit (4) Solve by iteration (trial-and-error or error function minimisation) N 0 = influent coliform concentration (org/100 ml) N = effluent coliform concentration (org/100 ml) (1 ) e (1 ) e 1 4 ..
Modelling of helminth eggs removal in the pond
Helminth eggs removal was modelled using the Ayres et al. (1992) equation:
where: E = removal efficiency. In the application of Eq. (8), the travel time was also based on the fraction of the pond length, similar to what was done in the modelling of E. coli. The longitudinal profile of observed and estimated helminth eggs along the pond is seen in Figure 4 . Again, a very good fit can be observed by the application of an equation, which had not been developed for ponds as post-treatment of UASB reactors.
Distribution of helminth eggs species along the treatment system Table 4 and Figure 5 present average counts and relative frequency of distribution of helminth species along the treatment system. The analysis indicated a higher frequency of Ascaris lumbricoides and Ancilostomidae in the raw sewage, UASB reactor effluent and baffles 1 and 2. In baffles 3 and 4 only Ascaris lumbricoides eggs were found, whereas in the pond effluent, a single sample with T. trichiura was detected. The stepwise decrease in the egg counts can also be seen from Table 4 and Figure 5 .
Conclusions
• The combined UASB reactor -baffled pond system was able to reduce on average around 3 log units of E. coli (1 unit in the UASB reactor and 2 units in the baffled pond).
• The final effluent of the overall system contained virtually no helminth eggs (average of 0.09 eggs/L, with 13 out of 14 samples showing zero values).
• Von Sperling (1999) models for the dispersion number d and coliform decay coefficient K b were able to represent relatively well E. coli decay along the pond length and in the final effluent.
• Ayres et al. (1992) model was well able to represent helminth eggs removal along the pond length and in the final effluent.
• The helminth species with the highest frequency in the influent and in most of the treatment line was Ascaris lumbricoides.
• A decrease in the egg counts of all species along the treatment line (with the exception of a single sample of T. trichiura in the final effluent) was observed.
